The metal-impregnated carbon fiber-reinforced carbon composite (C/C composite) is expected to be a candidate material for pantograph contact strips of high-speed electric railway vehicles, because its mechanical strength for flexure and impact is much higher than that of the conventional metalimpregnated carbon. The authors have investigated the wear properties of copper-titanium-alloy impregnated C/C composite sliding against a copper disk under an electric current and frequent arc discharges. The tested C/C composite was prepared by press molding and baking of laminated carbon fiber woven sheets. There exists anisotropy in the physical properties originated from the orientation of carbon fiber woven sheets lamination. The C/C composite was slid in two directions, in parallel with or perpendicular to the sheet layer. The test results show that the wear rate in sliding in the parallel direction exceeds that in the perpendicular direction, especially in the cases where the material is subjected to higher current density and more frequent arc discharges.
INTRODUCTION
It is well known that the use of carbon materials for pantograph contact strips is an effective way of reducing contact wire wear. However, there are several problems to be solved in the conventional metal-impregnated carbon materials. One is related to their material properties such as mechanical strength, and another is the method for installing carbon contact strips on the pantograph head.
Although the metal-impregnated C/C composite is expected to solve the above problems, the C/C composite might have anisotropy in the wear properties in the same way as in the physical properties. To apply the C/C composite to pantograph contact strips, it is important to clarify the relation between the structural anisotropy and the wear properties of the composite sliding under an electric current.
EXPERIMENTAL
Material. The tested C/C composite was prepared by press molding and baking of laminated carbon fiber woven sheets, followed by the impregnation of copper-titanium alloy. See Fig.   1 (1)
. Table 1 shows the physical properties measured in a plane, parallel or perpendicular to the sheet layers of the C/C composite. In the parallel plane, the flexural strength and the impact value are slightly larger, and the electrical and thermal conductivity is higher in the perpendicular plane.
Laboratory wear tests. The test apparatus and the test conditions are almost the same as those in our previous work (2) . Fig. 2(a) shows the composition of wear test apparatus. Copper 
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plates are set on the periphery of a rotation disk, 1,000 mm in diameter, and one or two test strips of the composite are pressed to the plates. Fig. 2(b) shows an electric circuit with DC electric current flowing from disk to the strip(s). Table 2 shows the test conditions. When two strips are pressed to the disk, arc discharges are hardly generated unless the two strips lose contact with the disk simultaneously. On the other hand, when only one strip is pressed to the disk, arc discharges are generated any time when the contact between strip and disk is lost. The measuring items are the wear rate of strip and disk, the contact loss ratio between strip and disk, and the temperature of the strip. The wear rates of strip and disk were calculated from the weight loss of strip and the decrease in the disk radius, respectively. The contact loss ratio was detected from the voltage drop between strip and disk. The ratio of total contact loss time per second was calculated every second throughout the test. The arc discharge electricity was also calculated from the electric current and the contact loss ratio. The temperature of the strip was measured with a thermocouple at the depth of 2 mm beneath the friction surface.
RESULTS AND DISCUSSION
Wear tests without arc discharges. The wear surface of the strip slid in either direction was found to be smooth. The wear rates of strip and disk were comparable between the two sliding directions. The maximum temperature beneath the strip surface was around 100 o C for either sliding direction. Wear tests with arc discharges. In the portion of the strip where arc discharges occurred, gray craters where the composite is oxidized by heat are found. The maximum temperature measured in every 10 minutes was plotted against the electric current and the averaged contact loss ratio in Fig. 4 . When the contact loss ratio was high in the case where a large electric current flowed, a large amount of heat was generated in the contact area to cause a temperature rise in the strip, therefore. In a comparison of the temperature between the two sliding directions, the strip slid in the parallel direction showed higher temperature, reflecting the lower thermal conductivity in the parallel plane. In Fig. 5 , the wear rate was plotted against the amount of arc discharge electricity. This shows the linear relationship between the wear rate and the arc discharge electricity. When compared at the same amount of arc discharge electricity, the wear rate of the strip slid in the parallel direction is larger than that in the perpendicular direction.
It is found from the results that both the wear rate and the temperature rise when the strip slid in the parallel plane are larger than those slid in the perpendicular plane reflecting the difference in the thermal conductivity measured in each plane.
CONCLUSIONS
A C/C composite material was slid in two different sliding directions, parallel or perpendicular to the sheet layer, with and without arc discharges. In the test without arc discharges, the wear rate showed almost the same value irrespective of the sliding direction. In the test with arc discharges on the other hand, the wear rate was higher in parallel sliding than in perpendicular sliding.
The results also show that the wear rate of the C/C composite in sliding under arc discharges has a linear relationship with the amount of arc discharge electricity.
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